Preorganization of synthetic receptor has recently received much attention in the molecular recognition research fields. As a model system for mimicry of biological events in relation to specific substrate recognition, various synthetic receptors based on calix[4]arene, 1 resorcin[4]arene 2 and foldamer structures 3 have been extensively employed for the research of molecular recognition, presenting strong complex formation for specific guests including anionic species 1c,4 and biomolecules. 5 In particular, water-soluble receptor attracts much attention in the molecular recognition, since significant biological events are mediated or triggered by specific substrate-receptor recognition in the aqueous media and it is very important to develop a preorganized structure of proteins for understanding the selective protein-substrate binding behaviors at the molecular level.
Preorganization of synthetic receptor has recently received much attention in the molecular recognition research fields. As a model system for mimicry of biological events in relation to specific substrate recognition, various synthetic receptors based on calix [4] arene, 1 resorcin[4]arene 2 and foldamer structures 3 have been extensively employed for the research of molecular recognition, presenting strong complex formation for specific guests including anionic species 1c,4 and biomolecules. 5 In particular, water-soluble receptor attracts much attention in the molecular recognition, since significant biological events are mediated or triggered by specific substrate-receptor recognition in the aqueous media and it is very important to develop a preorganized structure of proteins for understanding the selective protein-substrate binding behaviors at the molecular level.
6 The concept of preorganization is very crucial in the design and synthesis of artificial receptor, stabilizing substrate-receptor complex as well as the structure of receptor.
7 Preorganization of artificial receptors has been produced via covalent synthetic methods 8 and noncovalent interactions including hydrogen bonding 9 and metal coordination.
10 Previously, we have reported the preparation of water soluble receptor based on resorcin[4]arene, 11 which was preorganized through intramolecular Pd complexation in water and thus showed more than ten times enhanced affinities for proper anionic guests in 1 H NMR titrations. Herein we present molecular recognition of the isomerically preorganized receptors in aqueous media, which are inspired
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Notes from the previous reports.
10a ,11 In the context, water-soluble isomeric receptors with significantly different affinity for benzene carboxylate derivatives are elaborately discussed in relation to the preorganization concept.
Ligand molecules 2 were synthesized following the procedure as presented in Scheme 1. Nucleophilic substitutions of tetrabromomethyl-substituted resorcin [4] arene with hydroxylmethyl pyridine in the presence of sodium hydride afforded the desired ligands 2a 11 and 2b. 12 Structural isomer, 3-and 4-hydroxymethyl pyridines were employed for the formation of isomerically preorganized structure. Receptors 3a 11 and 3b 13 are formed by coordination of cisprotected Pd(II) metal complex Pd(en)(NO 3 ) 2 with m-and ppyridyl groups appended on resorcinarene respectively and ESI MS spectra have confirmed the formation of water soluble receptors by intramolecular Pd complexations. Figure 1 shows the highly upfield shifted bridge protons (H in' and H out ') and this clearly indicates these protons (H out' and H in' ) experience shielding effect by two pyridyl groups organized by Pd(II) complexation. Although two receptors are isomerically preorganized and seem to show similar structural features, it is interesting to note signals of outer protons (H out' ) of 3b are higher upfield-shifted than those of 3a in Fig S1 in supplementary data) 1 H NMR titrations were performed and various benzene carboxylate derivatives were employed to investigate binding affinity of two cognate receptors with an isomerically preorganized binding site. We screened benzene carboxylate derivatives with the same substituted position and different degree of electron density. It is worthwhile to note that electron-rich aromatic compounds such as m-toluic acid and m-anisic acid sodium salts are more strongly bound compared to the electron-deficient aromatic anionic guests such as m-cyanobenzoic acid and m-nitrobenzoic acid sodium salts. Both receptors 3a and 3b show identical trends of binding affinity to guests, indicating the association events might be driven by same attractive forces. These affinity trends to aromatic anionic guests probably result from the hydrophobic cavity of 3a and 3b with the electron-poor environment generated by the coordinated pyridyl groups with Pd(II) metal dication.
Although the two receptors possess isomeric structures, 3a shows 2 to 5 fold higher binding affinities for the carboxylates guests than 3b. The preorganized binding site of receptor 3a seems to be better fit for inclusion of benzene carboxylate derivatives, compared to receptor 3b, although they have the same skeleton of binding site with similar electron deficiency. Since Pd(II) coordinations preorganize hydrophobic binding site with positively charged motif which is electrostatically interacted with aromatic anionic guests, receptor 3a is structurally considered to generate more effective cooperative binding site for benzene carboxylates derivatives. Preorganization control of binding site, which potentially acts as cooperative forces, is necessary for enhancing the ability of receptor to recognize benzene carboxylate derivatives. In addition, aromatic carboxylates substituted with alkoxy moiety properly reside inside the resorcinarene hydrophobic cavity and show larger binding constants compared to other aromatic carboxylates. The association constant between 3a and 3-ethoxy benzene carboxylate in D 2 O was too large to be measured accurately by 1 H-NMR titrations and was obtained in methanol-water mixed solvents, expecting the reduced hydrophobic interaction. The binding constant turned out to be 50,000 M −1 even in the mixed solvent system (D 2 O/CD 3 OD, 19:1, v/v). Also guests such as benzoic acid sodium salt, 3-toluic acid sodium salt and 3-methoxy benzoic acid sodium salt showed smaller binding constants in mixed solvent system (D 2 O/ CD 3 OD, 19:1, v/v) than in D 2 O. It is thought that aromatic alkyl moiety of an appropriate length shows the effective cooperative binding events in the preorganized cavity of receptor 3a.
To elucidate thermodynamic parameters controlling the complexation process, temperature-dependent 1 H-NMR titrations were performed to give the van't Hoff plot between 3a and m-toluic acid sodium salt (Figure 2 ) and it is shown that the complexation process is enthalphically favored (ΔH o = −8.13 kcalmol ). Enthalphically favorable process indicates the electrostatic interactions as well as hydrophobic interactions might contribute to the binding of aromatic carboxylate anionic guests. 
Notes
Bull. Korean Chem. Soc. 2011 , Vol. 32, No. 3 1047 In conclusion, we have synthesized water soluble molecular receptors 3 and Pd(II) metal coordination preorganizes a hydrophobic binding site with positively charged binding motif. The preorganized binding site of isomeric receptors 3 produces an electron-deficient hydrophobic environment and shows a high binding affinity to "electron-rich" aromatic carboxylate anions. Two isomeric receptors show significant differences of binding affinity for benzene carboxylate derivatives, demonstrating the preorganized binding site with the complementarity-sized and geometrically matched frameworks should be precisely designed for enhancing binding affinity of receptor in water. 
